1. Introduction
===============

Recently, several randomized stroke clinical trials^\[[@R1]--[@R5]\]^ demonstrated the superiority of mechanical thrombectomy in patients with acute ischemic stroke from large vessel occlusion when compared with the standard medical therapy alone. Mechanical thrombectomy with stent retrievers is now the standard therapy for selected patients with ischemic stroke. Compared with the stent retrievers approaches, the technique of A Direct Aspiration, First Pass Technique for the Endovascular Treatment of Stroke (ADAPT) for acute ischemic stroke has obtained growing acceptance as it is thought to facilitated a high rate of recanalization, and potentially at lower costs when used either alone or as an adjunct to stent retriever, and promising clinical results.^\[[@R6]--[@R8]\]^

The aspiration approach of thrombectomy is based on using the largest catheter permitted by the vessel, ensuring greater aspiration power for thrombus extraction. In case of failure with the front-line aspiration approach in removing the thrombus, the large-bore aspiration catheter provides the additional benefit of offering access for a stent retriever. The growing acceptance of aspiration approach arises questions regarding the safety and efficacy of aspiration thrombectomy techniques as a first-line therapy. Therefore, we aimed to conduct a meta-analysis of published studies to compare direct aspiration versus stent retriever for efficacy and safety as a front-line endovascular procedure.

2. Methods
==========

2.1. Search strategy and selection criteria
-------------------------------------------

This systematic review and meta-analysis was followed by recommendations from the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) guideline.^\[[@R9]\]^ The study was approved by the Ethics Committee of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China. Our inclusion criteria were such that only articles in which directly compared the effect of the contact aspiration and stent retriever techniques when used alone for ischemic stroke patients with large vessel occlusion undergoing thrombectomy. We searched titles and abstracts of published journal articles in the Pubmed and Embase (through April 40, 2018) with English restriction using the following string of terms \[(aspiration OR ADAPT) AND (stent-retriever OR Solitaire OR Trevo OR Merci) AND (stroke)\]. The reference lists of all selected articles were also thoroughly searched to see if there were articles that could be included in the present systematic review and meta-analysis. References generated from these searches were imported into the reference manager Papers 3 for Mac and then removed duplicate references. Titles and abstracts of journal articles included were then systematically screened (by CQ and KS) for studies comparing outcomes of effect between direct aspiration and stent retriever patients used alone. We excluded cases of combined retriever plus local aspiration. A total of 9 studies^\[[@R10]--[@R18]\]^ were included in the present study after a full text review of studies identified through the screening process.

2.2. Data extraction
--------------------

Two reviewers (CQ and KS) independently reviewed each retrieved article and extracted data. Differences or disagreements between the 2 reviewers were resolved by discussion and consensus with the third reviewer (DST). The primary outcome was the rate of successful recanalization defined angiographically as mTICI2b/3 on the angiogram at the end of procedure. Secondary functional outcome was 90-d modified Rankin scale (mRS) score 0 to 2. Complications extracted included intracerebral hemorrhage on imaging at 24 hours, symptomatic intracerebral hemorrhage (sICH) and embolization to a new territory (ENT). Procedural time was defined as groin puncture to reperfusion time. The outcomes mentioned above were collected from each final study.

2.3. Statistical analysis
-------------------------

A meta-analysis of proportions was conducted for the primary and secondary outcomes of this study. A formal comparison was performed between outcomes for the direct aspiration technique and standard endovascular therapy in terms of clinical and functional outcomes and complications. All analyses were performed using Review Manager (RevMan) for Mac 5.3 (Copenhagen). Dichotomous data from published studies were used to generate odds ratios (ORs) with 95% confidence intervals (CIs), and a meta-analysis was performed with a Mantel--Haenszel fixed/random effects model to calculate a summary OR with 95% CIs. For continuous data, means and standard deviations in each study were collected. If the study did not provide mean and standard deviations, we estimated these parameters from the median and range values by methods described by Hozo et al^\[[@R19]\]^*P* values \< .05 were considered statistically significant. We assessed primary and secondary outcomes using an OR weighted by inverse variance of the measure in each individual trial. Heterogeneity among the studies included in the meta- analyses was assessed using Cochrane\'s *Q* test and *I*2 statistic. An *I2* value ≦50% was considered as low heterogeneity. When *I*^2^ \> 50% statistics was found, we then chose a random effects model over a fixed effects model because of possible heterogeneity among studies and patient populations. Sensitivity analysis was conducted by sequential exclusion of 1 study at a time to assess for a significant change in the summary OR. Publication bias was assessed with a funnel plot plotting ORs against error/variance. An asymmetrical funnel plot was suggestive of potential publication bias.

3. Results
==========

3.1. Study characteristics
--------------------------

PRISMA flow diagram is presented for study search and selection in the meta-analysis. Our detailed search gathered 359 studies total from PubMed and EMBASE. After excluding studies, article review was performed on 31 studies. A total of 9 studies comprising 1273 patients were included for analysis. Of the 9 studies included, 8 studies were retrospective and observational studies and only one was randomized controlled trial. For each study included in the meta-analysis, the following variables are listed in Table [1](#T1){ref-type="table"}: study design, time period, location of occlusion, number of contact aspiration, and the total number of patients undergoing mechanical thrombectomy. Other known predictors of outcome, such as age, baseline NIHSS, or Alberta Stroke Program Early CT score (ASPECT, when available), did not statistically differ between the direct aspiration and stent-retriever groups in all the studies.
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Characteristics of the patients in the included studies.
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3.2. Successful recanalization and clinical outcomes
----------------------------------------------------

The primary outcome of the present review was the rate of successful recanalization defined angiographically as TICI2b/3 at final angiogram. Meta-analysis demonstrated that the pooled proportion of patients with TICI 2b/3 was 78.9% (OR: 0.86, 95% CI: 0.48--1.52, I^2^ = 73.0%). No significant difference was found between direct aspiration and stent-retriever for favorable recanalization (*P = *.60; Fig. [1](#F1){ref-type="fig"}).

![Forest plots of successful recanalization and clinical outcomes between direct aspiration and stent-retriever. Upper panel, successful recanalization (TICI 2b/3); Lower panel, good clinical outcome (90-day mRS of 0--2).](medi-97-e12770-g002){#F1}

The secondary outcome measure of this study was favorable outcome, defined by mRS score of 0 to 2 at 90 days of follow-up. Figure [1](#F1){ref-type="fig"} showed the pooled odds of 0.77 (0.60--0.97) for good outcome of mRS (0--2). We found the proportion of good functional outcome in the direct aspiration group is higher than that in the stent retriever group (*P = *.03; Fig. [1](#F1){ref-type="fig"}).

3.3. Procedure-related adverse events
-------------------------------------

A total of 228 intracerebral hemorrhages (ICH) occurred, with no evidence of a difference between the direct aspiration group (36.7%, n = 294) and the stent retriever group (37.4%, n = 321) (*P = *.54; Fig. [2](#F2){ref-type="fig"}). The proportion of patients with symptomatic intracerebral hemorrhage (sICH) in the direct aspiration group was 4.8% (n = 441) compared to the stent retriever group with 8.3% (n = 492). Figure [2](#F2){ref-type="fig"} showed the pooled odds for sICH of 0.56 (0.33--0.98). In addition, embolization to a new territory (ENT) caused by mechanical thrombectomy occurred in 9.7% (n = 435) in the stent retriever group, whereas only 5.1% (n = 414) in the direct aspiration group. Although no significant differences between these 2 mechanical thromobectomy in any ICH have been found yet, there was lower rate about sICH and ENT in the direct aspiration group compared with the stent retriever group (*P = *.04 in sICH and *P = *.01 in ENT; Fig. [2](#F2){ref-type="fig"}).

![Forest plots of procedure-related adverse events including any ICH, sICH, and ENT between direct aspiration and stent-retriever. Upper panel, any SCH; middle panel, sICH; lower panel, ENT. ENT = embolization to a new territory, ICH = intracerebral haemorrhage, sICH = symptomatic intracerebral haemorrhage.](medi-97-e12770-g003){#F2}

3.4. Procedural time
--------------------

The average time from groin puncture to maximal revascularization after mechanical thrombectomy was compared in the direct aspiration alone group and in the stent -retriever group. Although no significant difference between the 2 groups with regard to the procedural time, there was a tendency of shorter time in the direct aspiration alone group compared with the stent-retriever group (95% CI: from −18.90 to −1.37, *I*^2^ = 84.0%; *P = *.09; Fig. [3](#F3){ref-type="fig"}).

![Forest plots of the average time from groin puncture to maximal revascularization after mechanical thrombectomy between direct aspiration and stent-retriever.](medi-97-e12770-g004){#F3}

3.5. Study heterogeneity
------------------------

*I*^2^ values were \<50% for the following outcomes: mRS ≤2 at 90 days (*I*^2^ = 0%), symptomatic ICH (*I*^2^ = 0%), and embolization to a new territory (*I*^2^ = 0%). *I*^2^ values were \>50% (indicating moderate or substantial heterogeneity) for the following outcomes: the rate of successful recanalization (TICI2b/3) (*I*^2^ = 73%), any ICH (*I*^2^ = 53%), and procedure time from groin puncture to revascularization (*I*^2^ = 84%). Publication bias was assessed using funnel plot analysis. Considerable risk of publication bias existed in these studies (Figure I in the online-only Data Supplement), mainly in procedural time.

4. Discussion
=============

In the present systematic review and meta-analysis, we found that the use of first-pass aspiration approach or ADAPT achieved less adverse events especially in sICH and ENT compared to front-line stent retriever strategy and a tendency of faster procedural time from groin puncture to favorable revascularization. Although the rate of successful revascularization (TICI2b/3) in the ADAPT group did not differ from those in the stent retriever group, the favorable clinical outcomes (mRS as 0--2) in the ADAPT cohort was higher. This outcome should be interpreted with caution given that most of studies included were comparative observational studies.

It has been shown that clinical efficiency of mechanical thrombectomy is time dependent that indicated successful reperfusion is correlated with favorable outcomes in those ischemic stroke patients due to large vessel occlusion.^\[[@R2],[@R20],[@R21]\]^ Although the stent retriever technology is considered as the gold standard for thrombectomy, the rate of revascularization failure still remains suboptimal. Hence, alternative strategies are of interest in the research and development, which may offer more rapid, cheaper, and better recanalization rates and finally favorable outcomes. One such alternative technique is the use of the aspiration alone strategy as first pass. The direct aspiration technology of thrombectomy or ADAPT is a recent endovascular treatment for ischemic stroke with large vessel occlusion that has been gaining popularity due to the rapidity of the technique and the potential for cost savings in comparison to the gold standard thrombectomy methods such as stent retrievers. However, few studies have directly compared the efficacy and safety of direct aspiration versus stent-retriever for recanalization in acute cerebral infarction.

The goal of the study was to directly compare the contact aspiration and stent retriever techniques when used alone. Revascularization rate was chosen as the primary outcome because it is a major early indicator of treatment success. Favorable recanalization has been correlated with good clinical outcome defined as mRS of 0 to 2,^\[[@R22],[@R23]\]^ and has been used as a primary outcome in other stroke trials to compare the efficacy of different thrombectomy devices; eg, SWIFT^\[[@R24]\]^ and TREVO2.^\[[@R25]\]^ Successful revascularization was specifically defined as an mTICI score of 2b or 3 in this study because this outcome has been reported to be a predictor of clinical outcome.^\[[@R23],[@R26],[@R27]\]^ We found that there was no significant difference in the rate of successful recanalization (TICI2b/3) between the 2 groups; in addition, a better favorable clinical outcome (mRS as 0--2) was found in the aspiration group compared with the stent retriever group. The results of the present study are similar to that of Lapergue et al,^\[[@R11]\]^ which was the first randomized clinical trial that directly compared the effect of contact aspiration and stent retriever techniques when used alone on revascularization in patients with acute ischemic stroke. In their study of 381 patients who underwent mechanical thrombectomy, they compared 192 contact aspiration cases and 189 cases of stent retriever, and reported 84.9% cases TICI 2b/3 with aspiration, compared to 86.2% with stent retriever. Similarly, among those patients with mRS assessments at 3 months, no significant difference was found in the proportion who were functionally independent, but a tendency of better clinical efficacy outcome in the stent retriever group (50.0%) compared with that in the contact aspiration group (45.3%). As such, the authors concluded that first-line thrombectomy with contact aspiration compared with stent retriever did not result in an increased successful revascularization rate and a better clinical efficacy outcomes for large vessel intracranial occlusions.^\[[@R11]\]^ Our results are partly inconsistent with a recent published study of meta-analysis in which reported higher rates of complete revascularization in ADAPT but similar clinical outcomes compared to the stent retriever.^\[[@R28]\]^ Only those literatures directly compare the contact aspiration and stent retriever techniques when used alone were included in our present study.

In our meta-analysis, average procedural times from groin puncture to favorable revascularization were 8.77 minutes shorter for direct aspiration when used alone than the stent-retriever technique, which might be attributed to the lower number of maneuvers during the process of contact aspiration. Procedure-related adverse events, especially symptomatic intracranial hemorrhage and embolization to a new vascular territory, the most frequent events during thrombectomy, are also mentioned in the present meta-analysis. Here we found that a significant difference and smaller frequency of these adverse events in the direct aspiration group compared to that in the stent retriever group. It is consistent with results of other recent studies.^\[[@R10],[@R29],[@R30]\]^ A retrospective study comparing aspiration and stent retriever techniques reported a lower rate of symptomatic hemorrhages for contact aspiration compared with stent retriever (2.9% for contact aspiration and 5.4% for stent retriever),^\[[@R10]\]^ and retrospective studies have reported low rates of 2% embolization in a new territory and no incidence of symptomatic intracranial hemorrhage when using contact aspiration.^\[[@R29],[@R30]\]^ Longer procedure time has been suggested to be an independent risk factor for symptomatic intracranial hemorrhage.^\[[@R31]\]^ In the present study, the lower rate of sICH in the direct aspiration compared to the stent-retriever may be explained by the tendency of shorter procedural time in the contact aspiration group. In addition, the higher number of maneuvers that were performed in the stent retriever group also increase the risk of sICH and embolization in a new territory during procedure. Theoretically, it is reasonable because use of a stent retriever requires that it be passed through the clot and therefore might result in a higher rate of distal emboli, which was confirmed in an *in vitro* study,^\[[@R32]\]^ but there were no significant differences between groups in the frequency of embolization to a new vascular territory.^\[[@R11]\]^

4.1. Limitations
----------------

This study has several limitations. The present findings are mainly derived from observational analyses and only one RCT, which are subject to well-known limitations. Firstly, most studies included were retrospective in nature with limited follow-up, which may overestimate the effect size of outcomes and limit interpretation of pooled data. Secondly, it is the potential for confounding by measured or unmeasured variables, which cannot be ruled out, even after adjustment for baseline between-group differences. Thirdly, it concerns the potential evaluation bias in clinical outcomes in the absence of blinded evaluation. In addition, the studies included used a variety of devices (i.e., guide catheters, aspiration catheters, different stent retrievers), contributing to heterogeneity. Finally, there is always inherent risk in meta-analysis of bias within the component studies that cannot be completely addressed. Long-term follow-up and direct comparative studies in the future are required to determine whether the contact aspiration approach can be a suitable alternative to golden standard stent-retriever technique for acute ischemic stroke.

5. Conclusions
==============

Among patients with acute ischemic stroke and large vessel occlusion undergoing mechanical thrombectomy, first-line direct aspiration versus stent retriever when used alone did not result in a higher successful revascularization rate at the end of the procedure; however, aspiration technique has been shown to better functional outcomes at 3 months, less procedure-related adverse events and a tendency of shorter revascularization time compared to front-line stent retriever strategy. More randomized clinical trials are required in the near future to confirm the benefit of the first-line direct aspiration strategy compared to standard endovascular therapy for acute ischemic stroke.
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